Video capsule endoscopy is an attractive and patientfriendly tool that provides high quality images of the small bowel. Obscure gastrointestinal bleeding is the primary and most evaluated indication to capsule endoscopy; however, indications are expanding and a small number of preliminary reports have been presented concerning the role of video capsule endoscopy in the diagnosis of celiac disease. The purpose of this review is to update the current knowledge and to hypothesize on future perspectives of the use of video capsule endoscopy in patients with celiac disease.
INTRODUCTION
Celiac disease is a gluten-dependent enteropathy, characterized by chronic small bowel inflammation and mucosal atrophy. Up to a few years ago, celiac disease was considered a rare pathology. Today, its prevalence has been estimated ranging between 0.2% and 1% in the United States and European population [1] . Although celiac disease was believed to be a pediatric syndrome, it is now recognized mainly as an adult disease that involves multiple organs. Abdominal pain, diarrhea, growth failure and malabsorption are its typical clinical presentation. However, the increased interest for this pathology over the last 2 decades allowed diagnosing celiac disease also in those with the silent or "atypical" for m. These patients may present vague and subclinical manifestations such as dyspeptic symptoms or esophageal reflux, irritable bowel syndrome, polyneuropathy or iron deficiency anemia [2] . The disease can also be totally asymptomatic and the diagnosis can be accidental. The diagnosis of celiac disease is made by demonstrating the characteristic histopathological changes on intestinal biopsy obtained by esophagogastroduodenoscopy. Villous atrophy on a duodenal biopsy represents the internationally accepted gold standard diagnostic test for celiac disease. Serological tests include antigliadin, antiendomysium and anti-tissue transglutaminase antibodies. These tests are highly reliable for the diagnosis of celiac disease and represent a cheap and non-invasive method to identify patients who will be referred to endoscopy, specifically with the purpose of obtaining duodenal biopsy. The positive and negative predictive value of combining the measurement of antibodies from tissue transglutaminase and antiendomysium has been reported to be greater than 96% [3] . Capsule endoscopy is a well tolerated, minimally invasive method for the visualization of the entire small bowel and is currently used to evaluate patients with obscure bleeding, inflammatory bowel diseases, suspected small bowel tumours, polyposis syndromes, nonsteroidal anti-inflammatory drug injury and complicated celiac disease [4] . Video capsule endoscopy is provided with an 8-fold magnification capacity lens optical system that allows a magnification similar to that of dissection microscopy [5] and is therefore able to assess the small bowel villous structure. For this reason, video capsule endoscopy could offer an alternative to duodenal biopsy in patients who are unable or unwilling to undergo esoph agogastroduodenoscopy. This article reviews the current knowledge and future prospects of the use of video capsule endoscopy in patients affected by celiac disease. 
CRITERIA FOR DIAGNOSIS OF CELIAC DISEASE
The first step in pursuing a diagnosis for celiac disease is a serological test. The immunoglobulin A (IgA) antihuman tissue transglutaminase (t-TG) and IgA endomysial antibody immunofluorescence (EMA) are the best tests available. Although these tests are highly sensitive and specific, small bowel biopsy remains the standard for the diagnosis of celiac disease. Demonstration of hyperplastic villous atrophy of the small bowel and clinical remission when a gluten-free diet is followed represent the diagnostic tests for celiac disease [6] .
ENDOSCOPIC SIGNS IN CELIAC DISEASE
Four endoscopic markers sug g estive of villous atrophy have been described in celiac disease: loss or reduction in duodenal Kerkring's folds, mosaic mucosal pattern, scalloped configuration of duodenal folds and micronodular pattern of the mucosa [7, 8] . These markers should serve as a tool to assist endoscopists in deciding when small bowel biopsies may be indicated. Sensitivity of these markers for the diagnosis of celiac disease has been reported to be between 47% and 100% [8] [9] [10] . Endoscopic markers overall have a wide range in sensitivity mainly because of their absence when lesser degrees of villous atrophy are present. Therefore, endoscopic evaluation without biopsies is not considered sensitive enough for a diagnosis and is considered inadequate to confirm or to exclude celiac disease [11] . However, when endoscopic signs are present, they have a high specificity, ranging between 92% and 100% [2, 10, 12] . For this reason, investigators should be aware of the importance of such markers detected during endoscopy. Recognition of endoscopic signs of celiac disease could help to select patients for biopsy and avoid delays in the diagnosis of the disease, preventing long term complications. Recently, endoscopic approaches for the evaluation of duodenal villous abnormalities have been proposed allowing a direct visualization of the duodenal villous structure during routine upper endoscopy. Endoscopic visualization of intestinal villous pattern with the "immersion technique" provides a sensitivity, specificity, positive predictive value and negative predictive value of 85%, 99%, 99% and 90%, respectively [11, 13] . Moreover, it has been demonstrated that the new highmagnification and high-resolution endoscopes are able to better evaluate the presence or absence of villous pattern. Sensitivity, specificity, positive predictive value and negative predictive value of endoscopic magnification (× 2) for detection of total villous atrophy were all 100%. Similar results were obtained combining the "immersion technique" with magnification [14] . Therefore, theoretically, in patients with suspected celiac disease (EMA+ and/ or t-TG antibodies+) using these new endoscopic approaches, the biopsy sampling of the small bowel could be avoided when a flat duodenal mucosa is observed and should be reserved only for those patients in whom villi are observed at endoscopy [11] .
CAPSULE ENDOSCOPY
Capsule endoscopy has become an important tool in the investigation of patients with small bowel diseases. Preliminary reports suggest that capsule endoscopy could represent an attractive and non-invasive diagnostic tool in patients with suspected celiac disease [15] [16] [17] [18] [19] . It can also be used in patients with known celiac disease for monitoring small bowel healing; in patients with alarming symptoms despite a closely followed gluten-free diet and in long-term surveillance to detect malignancies [20] . The diagnosis of celiac disease is still based on the recognition of villous atrophy on duodenal biopsy; however duodenal biopsy cannot be considered an optimal gold standard. The major limits are represented by the need to perform an upper gastrointestinal (GI) endoscopy which represents an invasive procedure; the difficulty to obtain proper oriented tissue samples; the occurrence of patchy mucosal lesions that can be missed by the biopsy; and the limited portion of gut examined with the risk of loosing the diagnosis of complications, such as enteropathy-associated T-cell lymphoma and ulcerative jejunoileitis. Capsule endoscopy is provided with certain features that may overcome some of the limits of traditional upper GI endoscopy. Capsule endoscopy is a non-invasive, painless and well accepted procedure. The capsule has the magnification power of a dissecting microscope: the optical system has an 8-folds magnification power, therefore the villi can be easily observed (Figure 1 ). The test is performed without air inflation, with the optical dome of capsule endosocopy close to the mucosa, improving the assessment of the villous architecture. Finally, it allows the visualization of the entire small bowel, providing an estimation of the extent of small bowel involvement and facilitating the diagnosis of complications.
In a preliminary study, Petroniene et al [16] compared 10 celiac patients with histologically proven villous atrophy (Marsh Ⅲ) with 10 control patients with normal histology, showing that capsule endoscopy has an excellent accuracy in identifying villous atrophy. When compared to upper GI endoscopy, capsule endoscopy reported an identical specificity (100%); a tendency towards a better sensitivity (70% vs 60%); and a positive predictive value and negative predictive value of 100% and 77%, respectively. These data were confirmed by recent studies [17, 19] . Hopper et al [17] showed that 17 out of 20 patients with celiac disease had villous atrophy also detected by capsule endoscopy. In this paper, the sensitivity, specificity, positive predictive value and negative predictive value for capsule endoscopy in recognising villous atrophy were 85%, 100%, 100% and 88.9%, respectively. Upper GI endoscopy detected endoscopic markers consistent with celiac disease in 16 out of 20 celiac patients with a sensitivity, specificity, positive predictive value and negative predictive value of 80%, 100%, 100% and 85.7%, respectively. Capsule was more sensitive than conventional endoscopy in identifying endoscopic markers, but the difference observed did not achieve statistical significance. In the largest presented series, Rondonotti et al [19] reported on 43 consecutive patients with signs and/or symptoms suggestive of celiac disease and positive serological markers who underwent upper GI endoscopy and video capsule endoscopy. 87.5% of patients who had characteristic histological changes were diagnosed with celiac disease by capsule endoscopy. Overall, capsule endoscopy was reported to have a sensitivity of 87.5%, a specificity of 90.9%, a positive predictive value of 96.5%, a negative predictive value of 71.4% and positive and negative likelihood ratios of 9.6 and 0.14, respectively. Capsule endoscopy appeared highly performing in patients with Marsh Ⅲ lesions, as it is able to correctly diagnose 89% of patients with this type of histological change.
Such promising data are not confirmed in the series presented by Biagi et al [5] . In this series, the authors classified the mucosal appearance as seen at capsule endoscopy as normal, hypotrophic and atrophic and evaluated whether there was a correlation between the degree of villous atrophy at the histology and capsule endoscopy results. Video capsule findings regarding the degree of small bowel mucosal atrophy showed only a moderate agreement with the histologic pattern, with a high sensitivity (range, 90.5%-95.2%), but a low specificity (63.6%). Positive predictive value was 100% and negative predictive value ranged between 77.8% and 87.5%.
Overall, capsule endoscopy seems to be able to recognize the endoscopic markers of celiac disease described in the literature [15, 16, 21] . Scalloping, mosaicism, micronodularity and reduction of folds ( Figure 2 ) can all be seen by capsule endoscopy [16, 19, 22] . In addition to general mucosal pattern, capsule endoscopy can easily recognize finger-like villi (Figure 1 ) [16, 17] . Table 1 shows the literature data on sensitivity, specificity, positive predictive value and negative predictive value of capsule endoscopy in celiac disease. Capsule endoscopy has a high sensitivity (range, 70%-95.2%), even better than that of upper GI endoscopy, an overall high specificity (range, 63.6%-100%) and high positive predictive value and negative predictive value, respectively between 96.5%-100% and 71.4%-88.9%. This means that when an atrophic pattern is observed by capsule endoscopy, patients have a very high probability to have celiac disease. However, the relatively low negative predictive value suggests that a normal capsule endoscopy pattern can not exclude definitively villous atrophy.
The accuracy obtained by capsule endoscopy is similar to that of magnification endoscopy or of endoscopy with the "immersion technique" [11, 13] , however capsule endoscopy has the great advantage of being a noninvasive technique and to visualize the entire small bowel [15] . Overall, interobserver agreement was moderate to high in the detection of villous atrophy and ranged between 0.41 and 0.87 [16, 19] . The interobserver agreement is an important factor in assessing the accuracy of the tests employing subjective visual evaluation. Agreement between investigators for the diagnosis of specific endoscopic markers is different: while it is low for erosions (κ, 0.27-0.72) and reduction in the number or loss of duodenal folds (κ = 0.41 and 0.59, respectively), it is good for mosaic pattern (κ = 0.76) and scalloped folds (κ between 0.65 and 0.85) [5, 16, 19] . The lack of an overall high degree of agreement between investigators could mean that the correct visualization of villous atrophy is difficult even for physicians with long-term experience in capsule endoscopy. It has been demonstrated that the interobserver agreement varies significantly between investigators ranging from poor to perfect (κ, 0.26-1.0). The agreement is perfect between experts who have [16] 70 100 100 77
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Biagi et al [5] 90.5-95.2 63.6 100 77.8-87.5 Hopper et al [17] 85 100 100 88.9 Rondonotti et al [19] 87 extensive experience with capsule endoscopy [16] . Familiarity with capsule endoscopy may be an important factor affecting the accuracy of the procedure and training sessions are needed for those endoscopists who are interested in capsule endoscopy. In fact, with physicians more experienced in evaluating patients with suspected or known celiac disease, an overall improvement in the interobserver agreement may be expected [19] . Capsule endoscopy also provides information on how much bowel is involved by the celiac disease, allowing the visualization of portions of the small bowel not accessible by other traditional endoscopic methods. Although precise evaluation of the extent of the affected bowel is not possible, it is, however, possible to determine whether the disease is confined to the duodenum, to the proximal part of the jejunum or whether it extends throughout the whole of the small bowel. Rondonotti et al [19] showed that 66.6% of patients had an extension of the mucosal changes seen at capsule endoscopy beyond the proximal small bowel, and 11.1% had lesions that involved the small bowel entirely. The significance of the extent of involvement of the small bowel in patients with celiac disease is still unclear. However, available data suggest that there is a trend in correlation between the severity of symptoms and the degree of small bowel involvement [16, 19] . This could be an interesting and important topic for future research. Moreover, evaluation of the entire small bowel may reveal mucosal changes undetected by traditional endoscopy in case of a "patchy" distribution ( Figure 3) . Rondonotti et al [19] reported of a patient who had a normal mucosa at upper GI endoscopy and scalloping of folds in the distal part of duodenum at capsule endoscopy. Authors argued that the normal duodenal histology in this patient was a sampling error and the capsule findings were compatible with a "patchy" distribution of mucosal changes.
Celiac disease may be complicated by a variety of pathologies, including small bowel adenocarcinoma, intestinal T-cell lymphoma and ulcerative jejunitis. These complications are often not identifiable by conventional imaging modalities as they are located beyond the site reachable by traditional endoscopy. Capsule endoscopy has been reported to be able to demonstrate intussusception, ulcerative jejunoileitis, lymphoma and adenocarcinoma in patients with celiac disease [23] [24] [25] [26] [27] . In a series of 47 celiac patients with a high risk of complication (persistent unexplained abdominal pain, weight loss, history of small bowel neoplasia, long-standing celiac disease, positive faecal occult blood test or iron deficiency anaemia unresponsive to iron supplementation), lesions were detected in about 50% of cases [20] . These data support the role of capsule endoscopy in patients who have complicated disease, who present alarm symptoms or who do not respond to a gluten-free diet [28] . In this group of patients, capsule endoscopy should be promptly performed as it avoids several unnecessary diagnostic tests, it permits to visualize small bowel complications that generally are diagnosed late, and it allows initiation of specific therapies.
Unsuspected celiac disease can also be diagnosed during capsule endoscopy performed for other indications including abdominal pain, gastrointestinal bleeding, and dyspepsia [22, 29, 30] . In these cases, findings evocative for celiac disease should suggest the performance of additional testing to rule out celiac disease. For this reason, recognition of endoscopic markers for celiac disease and villous atrophy is mandatory for physicians who perform capsule endoscopy.
Data presented in the literature are interesting and they make us optimistic about the role of capsule endoscopy in the evaluation of patients with celiac disease. However, some issues remain still open and need to be clarified. In all the studies presented, patients had a high pre-test probability (EMA and/or t-TG positive) of having celiac disease. This may provide an over estimation of the performance of capsule endoscopy in the detection of endoscopic markers and villous atrophy. A further limitation is represented by patients with less severe histological changes (Marsh Ⅰ and Ⅱ). In fact, it is demonstrated that capsule endoscopy is able to detect the majority of Marsh Ⅲ lesions, which are associated with evident mucosal abnormalities; however, it may not distinguish patients with Marsh Ⅰ and Ⅱ lesions as they may have a normal villous pattern. Furthermore, the role of capsule endoscopy in screening or surveillance for malignancies in patients with celiac disease should be clarified. It is unclear what group of patients should be screened or should undergo surveillance to detect small bowel malignancies [23] . Finally, it should be clarified whether capsule endoscopy could play a role in diagnosing celiac disease in patients with positive serologic tests and negative biopsies.
FUTURE PERSPECTIVES
Recently, new endoscopic approaches and technologies that allow a direct visualization of the duodenal villous structure with high accuracy have been proposed [11, 13, 31, 32] . Using these new procedures, it is possible to detect the presence of the intestinal villi or to suggest their absence. These observations led the Authors to propose a new diagnostic approach to celiac disease avoiding the biopsy sampling. All these new methods still require "standard" endoscopy which is an invasive procedure, it is not well tolerated by patients and it only reaches the proximal part of the small bowel. Capsule endoscopy offers several advantages over standard endoscopy: it is a non-invasive procedure; it is well tolerated by patients; and it allows the visualization of the entire small bowel. Moreover, the optical system of the capsule allows an 8-fold magnification, providing a good visualization of small bowel villous pattern. Therefore, if a biopsy-avoiding approach using new endoscopic methods (such as the "immersion" technique or high-resolution and magnifying endoscope) seems reasonable, it appears more and more rational to obtain the same information recurring to a non-invasive procedure, that allows to explore all the small bowel. It is our feeling that in the next few years the diagnostic approach to celiac disease will change if larger studies will confirm the results published to date regarding the role of capsule endoscopy in celiac disease ( Figure 4 ). "High risk" patients for celiac disease (positive specific antibodies) [3] will avoid traditional endoscopy and undergo capsule endoscopy directly; only those patients with a normal or suspected villous pattern at capsule endoscopy will undergo standard upper GI endoscopy with duodenal biopsy. Several studies are needed to confirm these new approaches.
CONCLUSION
The essential requirement for the diagnosis of celiac disease is the histopathologic demonstration of villous atrophy. For this reason, endoscopy plays a critical role as it permits to obtain duodenal specimens. Video capsule endoscopy provides good quality images of the small bowel mucosa, including well-defined villous pattern in patients with celiac disease. At present, capsule endoscopy may be an alternative to traditional endoscopy and duodenal biopsy in patients with suspected celiac disease who are unable or unwilling to undergo conventional upper GI endoscopy for confirmation of villous atrophy. Capsule endoscopy also provides information on the extent of the small bowel involved, but the meaning of this data is still unknown. Other potential indications for capsule endoscopy include complications related to celiac disease, refractory patients and long-term surveillance to detect malignancies. Further prospective studies are needed to confirm these preliminary results and to investigate if capsule endoscopy could represent a first line approach in patients with suspected celiac disease. 
